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Description 



Field of the Invention 



[0001] The present invention relates genera.* to bioprosthetio vascular grafts, ^.^^^^ nM °' 
manufacturing radially enlargeable, tubular, tape-reinforced polytetrafluoroethylene (PTFE) vascular grafts. 

Background of the Invention 

T00021 Polvtetrafluoroethylene (PTFE) has been used for the manufacture of various types of bioprosthetic vascular 
gSnlw 

folSr^rexS'sintered PTFE from which the tubular base graft and the surrounding reinforcement tape are 
S ^structure characterized by the presence of dense areas known as •■nodes'' interconnec ted 

bvTonaate strands known as "fibrils". The directional orientation of fibrils is largely determ.ned by the d.rect.on(s) in 

bv the dynamics (i.e., rate frequency and amount) of the expansron. The porosity of the expanded s ntered f ' I hfc 
maSaMs dlrmined by the size of the spaces which exist between the fibrils, after the expanse step has been 

SSf ^he sintering of the expanded PTFE is accomplished by heating the expanded workplace to a temperature 

^thlmTng St of crystaHine PTFE. Typically, this is effected by heating the workpiece to a temperature 
SSwc ™ sintering process is characterized by a transition of the PTFE polymer from a high y crystal^ iform 
f a more amo^hus form. Thus, the sintering process is sometimes referred to as "amorphous locking" of the PTFE 
po^eTThTslring process imparts significantly improved strength to the PTFE polymer matrix, while also causrng 

thP nolvmer matrix to become harder and less stretchable. . 

PTFE vascular grafts of the prior art it has ^^™^«T£££ 
ape to be wound spirally about the outer surface of the base graft. Such orientation and positioning of 
thin sintered PTFE reinforcement tape about the outer surface of the base graft substant,ally precludes or severely 
2s h a^^t ofTaL stretching'or radial expansion that the base graft may undergo. Thus ,t e *p.ca JJ" 
retforced tubular PTFE vascular graft of the prior art is incapable of undergoing more than a minimal amount (e.g., 
<5%) of radial stretching or radial expansion without tearing of the surrounding reinforcement tape. 
r0006] The inability of tape-reinforced PTFE vascular grafts to undergo radial stretching or rad.a expansion has not 

S tS££££ implantation procedures, there has been litt.e or no need to effect radia. stretch.ng or rad.a. 

expansion of the graft at the time of implantation. reinforced 
rOOOTl Recently developed endovascular grafting procedures have, however, created a need for tape ^forced 
Zar PTFE vascular grafts which are capable of undergoing significant amounts of radial enlargement (i.e. rad.al 
S^^SSnf.nhuo-.-nt of the" radial dimension of the graft). In these endovascular grafting procedures, 

rirvascular graft istypicalty passed ^^^T^^^^^lT^^ 
after is deployed to an open or extended configuration within the lumen of the host blood vessel. The gratt is men 

Sor^ 

the lumen of the existing blood vessel. Thus, because it is necessary to initially compact the graft and pass it through 
he I me o a eSy small catheter, and to subsequent* radia.ly enlarge the graft to its desired size and cor f igu- 
ration there exists a present need for the development of a tape-reinforced tubular vascular graft wh,ch ,s capable of 
undergoing in situ radial enlargement within the lumen of an existing blood vessel. d i«metricallv 
[0008] WO-A-95/05132 discloses an intraluminal stent comprising a tubular base graft, wh.ch can be diametrically 
exDanded and is covered with porous, expanded PTFE film. 

[0009] | US-A-5122154 discloses an endovascular bypass graft comprising a plurality of diametncally expandable 



^TSSSSSS^ a known stent comprises a PTFE tube, reinforced with a PTFE tape wound 
around the outer surface of the tube, integrating the two layers. This document discloses that the tape may be avoided 
bvusina a sintered PTFE tube, oriented in both the axial and circumferential directions. 

Ill] The leateres of the present invention are set out in Claim 1 which requires a method for manufacture a 
radially enlargeable tape-reinforced tubular vascular graft, said method comprising the steps of: 



a) providing a workpiece comprising: 
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(i) a tubular base graft having an outer surface and a hollow lumen extending longitudinally therethrough, said 
tubular base graft being formed substantially of a sintered fluoropolymer material and 

(ii) reinforcement tape wound about the outer surface of said tubular base graft, sa,d reinforcement tape com- 
prising a film formed substantially of sintered fluoropolymer material, and 

b) radially shrinking said workpiece, thereby causing the graft to assume a radially shrunken state from which said 
graft may be subsequently radially enlarged. 

[0012] The present invention comprises a method for increasing or improving the ability of a tape-reinforced tubular 
10 araft to undergo radial enlargement without tearing or breaking. . 

?00131 A radially enlargeable tape-reinforced tubular vascular graft is formed by initially manufacturing the tape- 
£L S1L. with any suitable manufacturing methodology, and subsequently radially shnnking the 

SKESrt. steps, to minimize the likelihood of puckering of the tubu.ar base graft as the surrounding 
« shrinks. Also, such radial shrinkage of the graft may be accomplished by any su,table polymer 

shrinkaoe technique including heat-induced shrinkage or chemical-induced shnnkage. 

Si^JSSEI. rigid m 9 andre,(s) may be inserted into the lumen of the tubular base graft during he shnnkage 
proce s. in embodiments of the invention wherein the shrinkage process is accomplished in 
manner.asinglemandrelofadjustablediameter.ormultiplemandrels of incrementally smaller diameter, may be utilized 
20 to effect the desired gradual, incremental or step-wise shrinkage of the graft. 

[001 5] The desired shrinkage of the tape-reinforced graft may be accomplished by passing the tape-reinforced graft 

through a sizing dye to accomplish the desired radial shrinkage thereof. 

001 6] The radially enlargeable tape-reinforced PTFE vascular graft may be alternatively ^*«*£Z™ 
he expanded sintered PTFE reinforcement tape about the rigid mandrel to create a tape- tube which .3 devcnd of any 
tubuJbase graft. The tape-tube is then radially shrunken, in accordance with the present invention, and the radial* 
shrunken tape tube is subsequently applied to the outer surface of a relatively small-d,ameter tubular base graft. The 
ZTtTaH and the suLnding shrunken tape-reinforcement may then be radially enlarged in accordance with 
the nresent invention without tearing or breaking of the reinforcement tape. 

^TCZSod^ent of the radially enlargeable tape-reinforced tubular PTFE grafts of the present invention may 
be Idedwith externa, support filaments or beading to provide structural support to the graft an to , prevent inden- 
tation or kinking of the graft lumen when implanted. Such support filaments or beading may be formed of PTFE or any 

Psr^hTrtbll and advantages of the invention will become apparent to those skilled in the art upon reading 
and understanding of the following detailed description, and consideration of the accompanying figures. 

35 

Brief Description of the Drawings 
[0019] 

40 Figure 1 is a block diagram showing a presently preferred method for manufacturing a radially enlargeable, tape- 

CeXb^ 

45 expansion of a tape-reinforced vascular graft of the present invention. 

Detailed Description of the Preferred Embodiment 

[0020] The following detailed description and the accompanying drawings to which it refers are proyidec I for purposes 
so of describing and illustrating the presently preferred embodiments of the invention, and are not intended to hirst the 
scope of the invention in any way. 

1 Method for Manufacturing a Radially Expan dable Tape-Reinforced, PTFE Vascular Graft 

55 [0021] As shown in the block diagram of Figure 1 , the preferred method of manufacturing a to pe-reinfc mad vascular 
araft of the present invention involves separate preparation of a) an expanded, s.ntered, tubular PTFE base gratt and 
b Tn . pan I ared PTFE reinforcement tape. The PTFE reinforcement tape Is then spirally wound about and 
lamTnaTed or fused to the outer surface of the tubular base graft, thereby forming the desired tape-remforced vascular 



25 



30 
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?00221 Thereafter, in accordance with the present invention, the sintered, tape-reinforced, tubular ocular graft is 
radially shrunken to a reduced radial dimension, such that the graft may be subsequently stretched or expanded to or 
near its original (pre-shrinkage) radial dimension. 

5 

A. Preparation of the Tubular Base Graft 

[0023] The preferred method for preparing the expanded, sintered PTFE tubular base graft is shown in Figure 1 . 
10 j.) Preparation of Paste 

[00241 The manufacture of the tubular base graft begins with the step of preparing a PTFE paste dispersion 10 for 
subsequent extrusion. This PTFE paste dispersion may be prepared by known methodology whereby a fmj virgin 
PTFE powder (e.g., F-104 or F-103 Virgin PTFE Fine Powder, Dakin America, 20 Olympic Drive Orangebury, NY 
15 10962) is blended with a liquid lubricant, such as odorless mineral spirits (e.g., Isopa,® , Exxon Chemical Company, 
Houston, TX 77253-3272), to form a PTFE paste of the desired consistency. 

ii.) Extrusion of Tube 

20 [0025] The PTFE-lubricant blend dispersion is subsequently passed through a tubular extrusion dye to form , e > tubular 
extrudate 1 2. The extrudate f on^ed in tN^ 

the same as the final diameter or cross-dimension desired of the graft after It has been implanted and subjected to in- 
situ radial expansion in accordance with the present invention. 

25 iii.) Drying 

[0026] The wet tubular extrudate is then subjected to a drying step 14 whereby the liquid lubricant is ™edjhis 
dryingstepUmaybe accomplished at room temperature or by placing the wet tubular extrudate m an oven mam tained 
at an elevated temperature at or near the lubricants dry point for a sufficient period of time to result m evaporation of 
30 substantially all of the liquid lubricant. 

iv.) Expansion 

[0027] Thereafter, the dried tubular extrudate is longitudinally expanded 1 6 or longitudinally drawn at a temperature 
ess t an 327'c and typically in the range of 250-326'c. This longftudinal expansion 1 6 of the extrudate, rmy * ac- 
complished through the use of known methodology, and may be implemented by the use of a device known as a batch 
expander. Typically, the tubular extrudate is longitudinally expanded by an expansion rat,o of more than two to one (2. 
1) (i.e., at least two (2) times its original length). 

40 v.) Sintering 

[0028] After the longitudinal expansion step has been completed, the tubular extrudate is subjected to a sintering 
step 1 8 whereby the extrudate is heated to a temperature above the sintering temperature of PTFE (,.e 350-3K c) 
to effect amorphous-locking of the PTFE polymer. The methodology used to effect the sintering step, and the dev.ces 
45 used to implement such methodology, are known in the art. eintaroH ptpf 

[0029] Completion of the sintering step 18, marks the completion of the preparation of the expanded, sintered PTFE 

base graft. s 
B. Preparation of Reinforcement Tape 

50 

I) Preparation of Paste Dispersion 

[0030] In accordance with preferred method shown in Figure 1, the preparation of the expanded sintered PTFE 
eScementtape includes the initial preparation of a PTFE paste dispersion 20. The PTFE paste d, ^ 
in this step 20 may be prepared in the same manner as described hereabove for preparation of the PTFE paste dis- 
persion 10 used to form the tubular base graft. 
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ii.) Extrusion of Film 



\\\.) Calendaring 



10 



15 



24 by passing the film through at least one set of ^^^^^Lure between room temperature 

and 60»c. The width of the wet extrudate is held J^ 013 ^ ( o.ooM.OOBInch9«)]^ne^ 
of the wet film extrudate is reduced to ,ts desired f.nal J^^^^ii «r the film is maintained constant, 
width of the film is maintained constant. It will be app m ^J^^^Zen^mg of thef ilm. The amount 

St^ 
SsTote^ 

Roll Stack, (Killion Extruders, Inc., Cedar Grove, NJ 07009.) 

20 iv) Drying 

PM Thera.ner.rh.wr^leea^^^ 

25 the liquid lubricant to fully evaporate from the film matrix, 
v) Expansion 

[0 03 5] Separately, or concurrent* with the drying step 26, ^'^^ the 
» pension step' comprises expanding the PTFE film in at M "^^ 9 J^*^^ the PTFE fibrils in 
flm serves to a) increase the porosity of the Mn. »!^££^£Z^^ m heating of the film 



35 vi) Sintering 



40 



50 



55 



» herein me mm Is healed to a temperature above the ™»ngpomt oim prat v ^ 

,00*9 ot ore PTFE porter. TOs ^""^ZZ^M^^'**™™™* 

fi. Wrapping and ■ ..nln a tlon of the R eMnforcement-Tape onto the Base Graf t 

,0037] After the sintered PTFE base graft and ^^^^^^^^ 
he tape-reinforced tubular graft is fabricated by sp.raHy wrapping the PTFE e,nf ~ P ^ ft 34 . 
of the'tubular base graft 32. Thereafter, the tape • laminate J » ^^I^lSS^- the me'thod, a first rigid 
[0038] Typically, in carrying out these steps (re., w nding o Mtotapea 2 and lam diameter of theS i nter ed 

stainless steel rod or mandrel, having an outer diameter substantal* h«amB as me mandre) . 
expanded tubular extrudate (i.e., the base graft) . M M ^^^^S^L strips of expanded, 
borne sintered PTFE tubular base graft is rotated or spi about i ^ tud ^ ^ , irally w ; pping the tape 
sintered PTFE reinforcement tape are laid on the outer surface of the base ^graft mar ^ p y ^ ^ 

ening - • * ^ nrflft k thPn olaced in an oven and heated to a temperature of approxi- 

Tome laminated to the outer surface of the sintered PTFE base graft. 
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shortening during this lamination step. 

D. Radial Shrinkage of the Ta pe-Reinforced Graft 

SST" Thereafter, the wire ligatures are removed and the second rigid mandrel is extracted from the lumen o, the 
age or longitudinal shortening during the radial shrinkage P™ess 

gressiveiy smaller rigid mandrels. fllhlltar nrfl ft which will have a lumenal diameter, 

example: 



1 Example 


Preparation of A Radially Enlargeable Graft Having an OD of 0.3 Inches 


I MANDREL NO. 


MANDREL OUTER DIAMETER 


I 1 


0.5 inch 


2 


0.45 inch 


3 


0.4 inch 


4 


0.35 inch 


5 


0.3 inch 



* 1 inch = 25.4 mm. 



to a final lumenal diameter of 7.6 mm (0.3 inches). 



6 



EP 0 821 648 B1 



F00521 The tape-reinforced graft described hereabove, having a lumenal diameter of 7.6 mm (0.3 inches), may r then 
b^expandeTto a fully expanded diameter of approximate* 1 2.7 mm (0.5 inches)-the same as its ong.nal diameter 

m "cLental or step-wise shrinkage of the graft is for the purpose of P>^P^£"^ or 
the qraft as may occur if a large amount of radial shrinkage is effected in a s.ngle step. Although this ncremen tal or 
step wise IZlaZs described hereabove with reference to a batch manufacturing method whereby .ndiv.dual seg- 
IS^SSLu are placed on progressively smaller rigid mandrels or rods, it will be apprec^ted tha the 
mettdo he 9 p " 

of the graft wiM occur gradually, without puckering or wrinkling of the tubular base graft. For example a continuous 
T ng ZZZZpeLtorcrt graft be drawn longitudinal* over the surface of a gradua y tapered or graduaHy 
nar owed rigid mandrel while heat is applied thereto to bring about the desired gradua rad,al 
it oasis over the outer surface of the tapered or narrowed rigid mandrel. Alternately, a segment of tape-re nforced 
tSZ oZ ^eZ may be initially placed on a single mandrel of adjustable or shrinkab.e diameter such that the 
mandrel will decrease or shrink in diameter as the graft shrinks in diameter. 
SET "si tended that the present invention, as claimed herebelow, include any and all 
ments and/or adjustable/shrinkable mandrel embodiments of the method, as well as the specific batch-preparation 
Sod descrtoed hereabove. The radially shrunken tape-reinforced tubular PTFE grafts formed y the above** 
forth method may be cut into desired lengths, sterilized by gas or other suitable stenhzation method(s), and packaged 
for distribution and subsequent implantation in a mammalian host, t ^ iM 
0055 I wi be appreciated that the radially shrunken tape-reinforced PTFE vascular grafts of the P™£™«^ 
may be used in a PP !cations wherein they are anastomosed into a host blood vessel by known open surgica. technique^ 
wlut being subjected to radial enlargement at the time of implanlation «rf the g^Jn mesa w^ons one ^ 
Tae which may be achieved through the use of the radially shrunken graft material ^^^^T^SSS 
and a decreased likelihood of suture tear through when the ends of the graft are anastomosed to the host blood vesseK 
m056 TTZZIhZm shrunken tape-reinforced PTFE grafts of the present invention may be used in a variety of 
SSL^S^tLrtn they will be radial* expanded or radial* dilated at the time of implantation. In this 

SSSSJS* vascula' 9' afts ° f the P resent invention mav bS US6d in C ° njUnCti ° n ^MfT ^ 
at its desired position within the lumen of a mammalian blood vessel. 



F. Additional External Reinforcement 



T0057T In some applications it is desirable for the grafts manufactured by the method of the present invention to 
Eea eZaSf^ 

of the taoe-reinforced qraft The type(s) of PTFE filaments used to form such reinforcement member are typical* 
1XS£> Enable tfaccommXte and undergo the desired amount of radial expansion or radial stretching £ fth. 
Reinforced graft. Thus, it is possible to apply and affix such PTFE filament reinforcement member by traditional 

on the outer surface of the graft, the radially shrunken tape-reinforced graft prov.ded at the end of the radial shrinkage 
"0^36 may Positioned'on a rigid mandrel having an outer diameter equal to the sh run ken inner 
aratt lumen Thereafter a sintered PTFE monofilament bead, such as that commercially available as PTFE beading 
?2us l^st^ducts. inc., Orangeburg, S.C.) is spirally wound about the outer surface of the tape-remforced 

io059] r9 T^ 

[spSLdinan oven and heated to a temperature which is sufficient to fuse or laminatethe PTFE reinforcementflament 
to the outer surface of the tape-reinforced graft 40. 

[„060] It will be appreciated that alternative methods of fusing the beading to the outer surface of the graft may also 

[0 e 06T] Pl °When so manufactured, the PTFE filament applied to the outer surface of the graft w j' " n ^^^' 

sion or radial stretching concurrent* with the remainder of the tape-reinforced graft prepared in accordance with the 

above-described method of the present invention. 

o Alternative method for forminp the Radially E xpandable, Tape-Reinforced Graft 

ro0621 As an alternative to the above-described method, wherein the entire tape-reinforced graft (i.e., the rebitoroe- 
K^n^SSKU, the tubular base graft) is subjected to radial shrinkage, ^'^TolleX- 
rtnforced graft of the present invention may also be manufactured by an aiternative method wherein only the rem 
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forcement tape is subjected to radial shrinkage, and such radially shrunken reinforcement tape is subsequently applied 
to a relatively small diameter tubular base graft such that the base graft- reinforcement tape combination is capable of 
subsequently undergoing radial enlargement without tearing or breaking of the reinforcement tape. 
[0063] This alternative method is shown in the block diagram of Figure 2. 

i. Preparation of Small Diameter Base Graft 

[0064] A relatively small diameter tubular base graft is prepared of expanded sintered PTFE material by the same 
steps 10 through 1 8 as described hereabove. However, in this method, the tubular base graft is of a diameter which 
is equal to the desired diameter of the final tape-reinforced graft after radial shrinkage thereof. The tubular base graft 
is preferably a thin walled or ultra-thin walled graft capable of undergoing more than 5% radial enlargement without 
tearing or breaking. 

in Preparation of PTFE Reinforcement Tape Tube 

[0065] Also, in this method, a quantity of expanded sintered PTFE reinforcement tape is prepared by the same steps 
20 through 30 as described hereabove. Thereafter, the expanded sintered PTFE reinforcement tape is used to prepare 
a "tape-tube" and such tape tube is subsequently subjected to radial shrinkage, then applied to the outer surface of 
the small diameter thin or ultra-thin walled base graft. 

[0066] Specifically, as shown in Figure 2, the tape-tube may by prepared by initially wrapping 80 the expanded 
sintered PTFE reinforcement tape around a rigid mandrel in overlapping or otherwise abutting convolutions, to form 
an elongate, tubular tape configuration. The mandrel-borne tape is then placed in an oven or otherwise heated to a 
temperature which causes the convolutions of tape to laminate or fuse to one another, thereby forming a tape-tube 82. 
[0067] Also the tape-tube may be prepared by the methodology disclosed in US-A-5,207,960 (Moret de Rocheprise) 
entitled, METHOD FOR THE MANUFACTURE OF THIN TUBES OF FLUORINATED RESIN, PARTICULARLY OF 
POLYETRAFLUOROETHYLENE. 



iii) Radial Shrinkage of Tape-Tube 

[0068] The tape-tube is then subjected to radial shrinkage, by any suitable method, including any of the heat-induced 
or chemical-induced shrinkage methods described herein. Since the tape-tube is devoid of any internal base graft, it 
may be unnecessary to utilize the gradual or incremental shrinkage described hereabove, as such gradual or incre- 
mental shrinkage is primarily intended to avoid puckering or infolding of the base graft. In this regard, the tape tube 
may simply be placed on a small diameter mandrel, such mandrel having a diameter substantially equal to the intended 
diameter of the tape-tube after shrinkage thereof. The ends of the tape-tube may be affixed to the mandrel to prevent 
longitudinal shrinkage or longitudinal shortening of the tape-tube during the shrinkage process. Thereafter, the small 
diameter mandrel and the tape-tube affixed thereto may be heated to a temperature which causes the tape tube to 
shrink to the diameter of the mandrel . Thereafter, the tape-tube is removed from the small diameter mandrel and utilized 
for subsequent fabrication of the desired radially enlargeable tape-reinforced graft. 



iv) Fabrication of Tape-Reinforced Graft 

[0069] The radially enlargeable tape-reinforced graft is fabricated by inserting the previously prepared small diameter 
tubular base graft into the lumen of the radially shrunken tape-tube 86. 



v) Fusion of Tape-Tube to Base Graft 

[0070] Thereafter, the tape-tube/base graft combination is heated or otherwise treated to cause the tape-tube to fuse 
to the outer surface of the base graft, 88. Such fusion of the tape-tube to the outer surface of the base graft, results in 
the formation of the desired radially enlargeable tape-reinforced graft. 

[0071 ] In a variation of the above, described alternative method, the reinforcement tape may be longitudinally shrunk, 
without being formed into a tape-tube as described hereabove. Such longitudinally shrunken tape may then be spirally 
wrapped around, and laminated to a relatively small diameter base graft-in accordance with the above-described 
wrapping and lamination methods, thereby forming a radially enlargeable tape-reinforced graft. 
[0072] The radially enlargeable vascular grafts of the present invention, as discussed hereabove, may be utilized in 
the manufacture of endovascular grafting systems which are deployable into the lumen of a blood vessel through a 
catheter or other tubular introducer and subsequently radially expandable such that the lumen of the graft will approx- 
imate the lumenal size of the blood vessel wherein the graft is disposed, and the graft will become anchored or affixed 
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^SSS many such endovascu.ar app.ications, it w, be desirab,e to «^-** 
enlaraeable tape-reinforced vascular graft of the present invention in conjunction with one or more a) anchonng mech- 
an£^ 

vLel wall. Examples of endovascular graft affixation devices, stents and/or other 

supporting or affixing an endoluminally positioned tubular graft of the present mentor .a e described . £e totowutg 

UnTed States and foreign patents/patent pubiications: ^^^^^^J^^SS!^ 
c 11fi o 18 (Hillsteadl 5 135 536 (Hillstead), 5,21,658 (Clouse , 5,219,355 (Parodi et al.), 5,275,622 (Lazarus et ai.), 
5 282 824 GiS 5 92 33 (Bonea , 5,330,500 (Song), 5,354,308 (Simon et al), 5,360,443 (Borone et al) 
5, 5, (Eregor) ^(MaJegor), 5,061,275 (Wallsten et aL), 528286 0 (Maisunoet a..) 529 ,30 
(Lm) 5 304 200 (Spaulding), 5,306,286 (Stack et al.), DT197808 (Choudhury), SU 1217-402-A (Kha*), EP 

iZm Also, in endovascular applications wherein it is desiredto radially enlarge the graft in situ, it will be appredated 
hat various types of expansion apparatus may be used to cause the desired radial expansion or radia stretching, f 
he gran In particular, a generally cylindrical balloon may be formed on the outer surface of a cat heter and inserted 
wZ the lumen of the shrunken graft during or after placement of the graft within the lumen of the hos blood vessel. 
Thereafter, the balloon may be inflated to cause controlled radial expansion of the graft. After being fully rad.ally en- 
laraed the araft mav be affixed or anchored to the surrou nding blood vessel wall. 
0075] The^ 

n it is des red to provide a graft having improved strength and improved resistance to suture pull-through. In this regard 
^^I^M^ grafts of !he present invention may be provided for surgical implantation by trac tonal 
pe sur ical techniques wherein a radially shrunken vascular graft of the present ^J"^£^ 
host blood vessel to replace or bypass a diseased, or damaged segment of the vesse In this regard ttie > shmnken 
sfze of the graft will be matched to the size of the host blood vessel, and the graft will be sutured .n place wjhou, 
effe^ngany radial enlargement of the graft. The mdia.shri 

proSss will have imparted substantial improvements to the overall strength and suture holding properties of the graft, 

even thouqh no radial enlargement of the graft is effected at the time of implantation. 

ra0761 The radial shrinkage of the reinforcement tape, or of the entire tape-reinforced tubular graft, may be accom- 
Sb^nysulle- 

the use of any suitable chemical shrinkage technique whereby exposure of the reinforcement tape and/or the entire 
Spe-SSd graft to a particular chemical will cause the reinforcement tape and/or the ent.re tape-re.nf orced graft 
to undergo the desired radial shrinkage. 



Claims 

1. A method for manufacturing a radially enlargeable tape-reinforced tubular vascular graft, said method comprising 
the steps of: 

a) providing a workpiece comprising: 

i a tubular base graft having an outer surface and a hollow lumen extending longitudinally therethrough, 
said tubular base graft being formed substantially of a sintered fluoropolymer material; and 
H reinforcement tape wound about the outer surface of said tubular base graft, sa.d reinforcement tape 
comprising a film formed substantially of sintered fluoropolymer material; and 

b) radially shrinking said workpiece, thereby causing the graft to assume a radially shrunken state from which 
said graft may be subsequently radially enlarged. 

2. The method of Claim 1 wherein said method further comprises the step of. ..„^ m «innth« 

c) preventing the workpiece from undergoing longitudinal shortening while sa.d workp.ece .s undergoing the 
radial shrinkage of step b. 

3. The method of Claim 1 wherein step b comprises: 

initially radially shrinking the workpiece by a first incremental amount; and, 

subsequently radially shrinking the workpiece by at least one additional incremental amount. 
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ThemethodofClaim3whereint^ 
incremental amount" comprises: 

radially shrinking the workpiece by a second incremental amount. 

The method of Claim 4 wherein step b further comprises: 

subsequently radially shrinking the workpiece by a third incremental amount. 

The method of Claim 5 wherein step b further comprises: 

subsequently radially shrinking the workpiece by a fourth incremental amount. 

The method of Claim 6 wherein step b further comprises: 

subsequently radially shrinking the workpiece by a fifth incremental amount. 

The method of Claim 1 wherein the lumen of the tubular base graft of the workpiece provided in step » a, has a Jirst 
' lumenal I diameter prior to undergoing radial shrinkage in step b of the method, and wherein step b of the method 
comprises: 

providing a first shrinkage mandrel having an outer diameter which is smaller than the lumenal diameter of 
the graft; 

in<5Prtina said first shrinkaqe mandrel into the lumen of the workpiece; 

heShe wSiece to cause the workpiece to radially shrink until the lumenal diameter of the workp.ece ,s 
substantially the same as the outer diameter of said first shrinkage mandrel. 

>. The method of Claim 8 wherein step b of said method further comprises: 

removing said first shrinkage mandrel from the lumen of the workpiece; 

providing a second shrinkage mandrel having an outer diameter which is smaller than the outer diameter of 
said first shrinkage mandrel; 

inserting said second shrinkage mandrel into the lumen of the workpiece; and, 

heS the lT P Le to cause the workpiece to radially shrink until the lumenal diameter of the workpiece ,s 
substantially the same as the outer diameter of the second shrinkage mandrel. 

10. The method of Claim 9 wherein step b of said method further comprises: 

removing said second shrinkage mandrel from the lumen of the workpiece; rilamotftr nf o aid 

providing a third shrinkage mandrel having an outer diameter which is smaller than the outer diameter of sa.d 
second shrinkage mandrel; 

insertina said third shrinkage mandrel into the lumen of the workpiece; and, 

to cause the workpiece to radially shrink until the lumenal diameter of the workpiece is 
substantially the same as the outer diameter of the third shrinkage mandrel. 

11 . The mandrel of Claim 1 0, wherein step b, further comprises: 

providing afourth shrinkage mandrel having an outer diameter which is smallerthan the outer diameter of the 
third shrinkage mandrel; 

insertina said fourth shrinkage mandrel into the lumen of the workpiece and, 

heS the wXiece to cause the workpiece to radiaily shrink until the lumenal diameter of the workp.ece ,s 
substantially the same as the outer diameter of the fourth shrinkage mandrel. 

12. The method of Claim 1 1 wherein step b further comprises: 

removing the fourth shrinkage mandrel from the lumen of the workpiece; 

providing a fifth shrinkage mandrel having an outer diameter which ,s smaller than the outer diameter 
fourth shrinkage mandrel; 

inserting said fifth shrinkage mandrel into the lumen of the workpiece; and, workDieC e is 

heating the workpiece to cause the workpiece to radially shrink until the lumenal d.ameter of the workpiece is 
substantially the same as the outer diameter of the fifth shrinkage mandrel. 
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13. The method of Claim 1 wherein the tubular base graft of the workpiece is formed of expanded, sintered PTFE. 

14. The method of Claim 1 wherein the reinforcement tape of the workpiece is formed substantially of expanded, 
sintered PTFE. 

15 The method of Claim 3 wherein said method further comprises the step of: 

c) preventing the workpiece from undergoing longitudinal shortening while said worKpiece is undergoing the 
radial shrinkage of step b. 

16 The method of Claim 9 wherein said method further comprises the step of: 

c) preventing the workpiece from undergoing longitudinal shortening while said workpiece is undergoing the 
radial shrinkage of step b. 

17. The method of any preceding claim, comprising 

providing an anchoring apparatus for anchoring said graft to the wall of a blood vessel after the graft has 
been i) positioned endoluminally and ii) radially expanded within the lumen of said blood vessel. 

18. The method of Claim 1 wherein step b comprises: 

radially shrinking said worKpiece so that the radial dimension of the workpiece is decreased by more than 5 /o. 

19. The method of Claim 1 wherein step b comprises: 

radially shrinking said workpiece such that the radial dimension of said workpiece is decreased by more than 

10%. 

20. The method of Claim 1 wherein step b comprises: 

radially shrinking said workpiece such that the radial dimension of said workpiece is decreased by more than 

20%. 

21 . The method of Claim 1 wherein step b comprises: 

radially shrinking said workpiece such that the radial dimension of said workpiece is decreased by more than 



40%. 



22. 



A batch method for manufacturing a radially expandable, tape-reinforced, tubular vascular graft formed substan- 
tially of sintered PTFE, said method comprising the steps of: 

a) providing a tubular base graft formed of expanded, sintered PTFE, said tube having a first end, a second 
end an outer surface, and a lumen of a first diameter extending longitudinally therethrough; 

b) providing a quantity of PTFE reinforcement tape, said tape comprising an expanded, sintered PTFE film 
having a thickness of 2.5-76.2 u.m (0.0001-0.003 inches); 

c) inserting a first rigid mandrel into the lumen of said tubular base graft, said first rigid mandrel having an 
outer diameter which is substantially equal to the first lumenal diameter of said tubular base graft; 

d) spirally wrapping said reinforcement tape about the outer surface of said tubular base graft to form a tape- 
reinforced graft; . . . 

e) heating said tape-reinforced graft to a temperature above 327°c for a sufficient period of time to cause said 
reinforcement tape to laminate to the outer surface of said tubular base graft; 

f) removing said first mandrel from the lumen of the tape-reinforced graft; 

q) inserting a second rigid mandrel into the lumen of the tape-reinforced graft, said second rigid mandrel having 
an outer diameter which is smaller than the first lumenal diameter of the lumen of said tape- reinforced graft; 

h) again heating the tape-reinforced graft to a temperature sufficients cause the tape-reinforced graft to shrink 
radially until its lumenal diameter is substantially the same as the outer diameter of the second rigid mandrel. 

23. The method of Claim 22 further comprising the steps of: 

i) removing said second rigid mandrel from the lumen of said tape-reinforced graft; 

j) inserting a third rigid mandrel into the lumen of said tape-reinforced graft, said third rigid mandrel having an 
outer diameter which is smaller than the outer diameter of second rigid mandrel; 

k) again heating the tape- re info reed graft to a temperature sufficient to cause further radial shrinkage of said 
graft until the lumenal diameter of the tape-reinforced graft is substantially the same as the outer diameter of 
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said third rigid mandrel. 

24. The method of Claim 23 further comprising the steps of: 

1 ) removing said third rigid mandrel from the lumen of said tape-reinforced graft; 

m) inserting a forth rigid mandrel into the lumen of said tape-reinforced graft, said third rigid mandrel hav.ng 
an outer diameter which is smaller than the outer diameter of said third rigid mandrel; 
n) again heating the tape-reinforced graft to a temperature sufficient to cause further radial shrinkage of he 
graft until its lumenal diameter is substantially the same as the outer diameter of said fourth rigid mandrel. 

25. The method of Claim 24 further comprising the steps of: 

o) removing said fourth rigid mandrel from the lumen of said tape-reinforced graft; 

p) inserting a fifth rigid mandrel into the lumen of said tape-reinforced graft, said fifth rigid mandrel hav.ng an 

outer diameter which is smaller than the outer diameter of'said fourth rigid mandrel; 

q) again heating said tape-reinforced graft to a temperature sufficiently to effect further radial shrinkage of said 

tape-reinforced graft until its lumenal diameter is substantially the same as the outer diameter of said fifth rigid 

mandrel. 

26 The method of Claim 22, wherein step d, further comprises affixing the ends of the tape-reinforced graft to said 
' first mandrel to prevent longitudinal shortening of the tape-reinforced graft during subsequent heating thereof in 

step e. 

27 The method of Claim 22 wherein step g, further comprises affixing the ends of the tape-reinforced tubular graft to 
' the second rigid mandrel to prevent longitudinal shortening of the tape-reinforced graft during subsequent heating 

in step h. 

28 The method of Claim 23 wherein step j, further comprises fixing the ends of said tape-reinforced graft to said third 
rigid mandrel to prevent longitudinal shortening of the tape-reinforced graft during subsequent heating in step k. 

29 The method of Claim 24 wherein step m, further comprises affixing the ends of said tape-reinforced graft to the 
' outer surface of said fourth rigid mandrel to prevent longitudinal shortening of the tape-reinforced graft during 

subsequent heating in step n. 

30 The method of Claim 25 wherein step p, further comprises affixing the ends of said tape-reinforced graft to said 
' fifth rigid mandrelto prevent longitudinal shortening of the tape-reinforced graft during subsequent heating in step q. 

31 . A method of manufacturing a radially enlargeable tape-reinforced tubular vascular graft, said method comprising 
the steps of: 

a) forming a tape-tube by wrapping a quantity of expanded, sintered fluoropolymertape about a rigid mandrel 
and subsequently heating said tape to form said tape-tube; 

b) radially shrinking said tape-tube; 

c) coaxially positioning a tubular base graft formed of expanded, sintered fluoropolymer, within said tape-tube; 

d) causing said tape-tube to become affixed to said base graft, thereby forming said radially enlargeable tape- 
reinforced tubular vascular graft. 

32 The method of Claim 31 wherein said method further comprises the step of: 

e) preventing the tape-tube from undergoing longitudinal shortening while said tube is undergoing the radial 
shrinkage of step b. 

33. The method of Claim 32 wherein step c, further comprises: 

coaxially positioning a thin-walled tubular base graft having a thickness in the range of 0.15-0.65mm within 
said tape-tube. 

34. The method of Claim 32 wherein step c, further comprises: .. M -.-w 

coaxially positioning a ultra-thin-walled tubular base graft having a thickness of less than 0.1 5mm within said 
tape-tube. 
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35. The method of Claim 31 wherein the tape utilized in step a, is formed of expanded sintered PTFE. 

36. The method of Claim 31 wherein the tubular base graft used in step c, is formed of expanded sintered PTFE. 

37. A method of manufacturing a radially enlargeable tape-reinforced tubular vascular graft, said method comprising 
the steps of: 



a) providing a quantity of expanded, sintered f luoropolymer tape; 

b) shrinking said expanded, sintered fluoropolymer tape; 

c) providing a tubular base graft formed of expanded fluoropolymer, said tubular base graft having a lumen 

^wrapping the shmnken, expanded, sintered fluoropolymer tape onto the outer surface of said tubular base 

^causing said tape to become affixed to the outer surface of said tubular base graft, thereby forming said 
radially enlargeable tape-reinforced tubular vascular graft. 

38. The method of Claim 37 wherein step c, further comprises: 

providing a thin-walled tubular base graft having a thickness in the range of 0.15-0.65mm. 

39 The method of Claim 37 wherein step c, further comprises: 

providing an ultra-thin-walled tubular base graft having a thickness of less than 0.15mm. 

40. The method of Claim 37 wherein the tape provided in step a, if formed of expanded, sintered PTFE. 

41 . The method of Claim 37 wherein the tubular base graft provided in step c, is formed of expanded, sintered PTFE. 

Patentanspriiche 

1. Verfahren zum Herstellen eines radial erweiterbaren, bandverstarkten, rohrformigen GefaBtransplantats, wobei 
das Verfahren folgende Schritte aufweist: 

a) Herstellen eines Werkstiicks, das folgendes aufweist: 

(i ) ein rohrformiges Basistransplantat mil einer auBeren Oberflache und einem hohlen Lumen, das sich 
in Langsrichtung durch das Basistransplantat hindurch erstreckt, wobei das rohrformige Basistransplantat 
im wesentlichen aus einem gesinterten Fluorpolymermaterial gebildet wird; 

(ii ) ein urn die auBere Oberflache des rohrformigen Basistransplantats herumgewickeltes Verstarkungs- 
band, wobei das Verstarkungsband eine Schicht aufweist, die im wesentlichen aus gesintertem Fluorpo- 
lymermaterial gebildet wird; und 

b) radiales Schrumpfen des Werkstucks, so daB das Transplantat dazu veranlaBt wird einen radial ge- 
schrumpften Zustand anzunehmen, von dem ausgehend das Transplantat anschlieBend rad.al erwertert wer- 
den kann. 

2. Verfahren nach Anspruch 1 , 

das weiterhin folaenden Schritt aufweist: .. . , ... 

c) Verhlndem, daB das Werkstuck eine Verkiirzung in Langsrichtung erfahrt, wahrend das Werkstuck der radialen 

Schrumpfung des Schrittes b) unterzogen wird. 

3. Verfahren nach Anspruch 1 , 

wobei der Schritt b) folgendes aufweist: 

- anfangliches radiales Schrumpfen des Werkstucks urn einen ersten Inkrementbetrag; und 

- anschlieBendes radiales Schrumpfen des Werkstiicts urn mindestens einen zusatzlichen Inkrementbetrag. 

4 ' woSde" ^^S^IIeBenden radialen Schrumpfens des Werkstucks urn mindestens einen zusatzlichen 
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Inkrementbetrag" folgendes aufweist: 

- radiales Schrumpfen des WerkstCicks urn einen zweiten Inkrementbetrag. 

5. Verfahren nach Anspruch 4, 

wobei der Schritt b) ferner folgendes aufweist; 

- anschlieBendes radiales Schrumpfen des Werkstucks urn einen dritten Inkrementbetrag. 

6. Verfahren nach Anspruch 5, 

wobei der Schritt b) femer folgendes aufweist: 

- anschlieBendes radiales Schrumpfen des Werkstucks urn einen vierten Inkrementbetrag. 

7. Verfahren nach Anspruch 6, 

wobei der Schritt b) ferner folgendes aufweist: 

- anschlieBendes radiales Schrumpfen des Werkstucks urn einen fQnften Inkrementbetrag. 

8 ' ITZTZ e A :r Iformigen Basistransp.antats des im Schritt a) gebi.deten WerkstOcks bevor es einer 
radialen Schrumpfung in Schritt b) des Verfahrens unterzogen wird, einen ersten Lumendurchmesser aufwe.st 
und wobei der Schritt b) des Verfahrens folgendes aufweist: 

- vorsehen eines ersten Schrumpf-Dorns, der einen AuBendurchmesser aufweist, der klelner ist als der Lumen- 

durchmesser des Transplantats; 

- Einfiihren des ersten Schrumpf-Dorns in das Lumen des Werkstucks; 

- Erwarmen des Werkstucks, urn das Werkstuck zum radialen Schrumpfen zu veranlassen, b.s der Lumen- 
durchmesser des Werkstucks im wesentlichen mit dem AuBendurchmesser des ersten Schrumpf-Dorns uber- 
einstimmt. 

9. Verfahren nach Anspruch 8, 

wobei der Schritt b) des Verfahrens ferner folgendes aufweist: 

- Entfernen des ersten Schrumpf-Dorns aus dem Lumen des Werkstucks; 

- Volsehen eines zweiten Schrumpf-Dorns mit einem AuBendurchmesser, der kleiner ,st als der AuBendurch- 

messer des ersten Schrumpf-Dorns; 

- Einfiihren des zweiten Schrumpf-Dorns in das Lumen des Werkstucks; und 

- Erwarmen des Werkstucks, urn das Werkstuck zum radialen Schrumpfen zu ve ranlasse n, I ^« d er Lumen- 
durchmesser des Werkstucks im wesentlichen mit dem AuBendurchmesser des zweiten Schrumpf-Dorns 
ubereinstimmt. 

10. Verfahren nach Anspruch 9, 

wobei der Schritt b) des Verfahrens ferner folgendes aufweist: 

- Entfernen des zweiten Schrumpf-Dorns aus dem Lumen des Werkstucks; 

- Vorsehen eines dritten Schrumpf-Dorns mit einem AuBendurchmesser, der kleiner .st als der AuBendurch- 

messer des zweiten Schrumpf-Dorns; 

- Einfiihren des dritten Schrumpf-Dorns in das Lumen des Werkstucks; und 

- Erwarmen des Werkstucks, urn das Werkstuck zum radialen Schrumpfen zu veranlassen, b.s der Lumen- 
durchmesser des Werkstucks im wesentlichen mit dem AuBendurchmesser des dntten Schrumpf-Dorns uber- 
einstimmt. 

11. Verfahren nach Anspruch 10, 

wobei der Schritt b) ferner folgendes aufweist: 

- Vorsehen eines vierten Schrumpf-Dorns mit einem AuBendurchmesser, der kleiner ist als der AuBendurch- 
messer des dritten Schrumpf-Dorns; 
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- Einfiihren des vierten Schrumpf-Doms in das Lumen des Werkstucks; und 

- Erwarmen des Werkstucks, um das Werkstuck zum radialen Schrumpfen zu veranlassen, bis der Lumen- 
durchmesser des Werkstucks im wesentlichen mit dem AuBendurchmesser des vierten Schrumpf-Doms iiber- 
einstimmt. 

12. Verfahren nach Anspruch 11, 

wobei der Schritt b) ferner folgendes aufweist: 

- Entfernen des vierten Schrumpf-Dorns aus dem Lumen des Werkstucks; 

- Vorsehen eines funften Schrumpf-Dorns mit einem AuBendurchmesser, der kleiner ist als der AuBendurch- 
messer des vierten Schrumpf-Dorns; 

- Einfiihren des funften Schrumpf-Dorns in das Lumen des Werkstucks; und 

- Erwarmen des Werkstucks, um das Werkstuck zum radialen Schrumpfen zu veranlassen, bis der Lumen- 
durchmesser des Werkstucks im wesentlichen mit dem AufBendurchmesser des funften Schrumpf-Dorns iiber- 
einstimmt. 

13. Verfahren nach Anspruch 1 , 

wobei das rohrformige Basistransplantat des Werkstucks aus expandiertem gesintertem PTFE gebildet wird. 

14. Verfahren nach Anspruch 1, 

wobei das Verstarkungsband des Werkstucks im wesentlichen aus expandiertem gesintertem PTFE gebildet wird. 

15. Verfahren nach Anspruch 3, 

wobei das Verfahren ferner folgenden Schritt aufweist: c) Verhindern, daB das Werkstuck eine Verkurzung in 
Langsrichtung erfahrt, wahrend das Werkstuck der radialen Schrumpfung des Schrittes b) unterzogen wird. 

16. Verfahren nach Anspruch 9, 

wobei das Verfahren ferner folgenden Schritt aufweist: c) Verhindern, daB das Werkstuck eine Verkurzung in 
Langsrichtung erfahrt, wahrend das Werkstuck der radialen Schrumpfung des Schrittes b) unterzogen wird. 

17. Verfahren nach einem der vorausgehenden Anspruche, bei dem eine Verankerungseinrichtung vorgesehen wird, 
um das Transplantat an der Wand eines BlutgefaBes zu verankern, nachdem das Transplantat i) endolummal 
positioniert worden ist und ii) in dem Lumen des BlutgefaBes radial erweitert worden ist. 

18. Verfahren nach Anspruch 1, 

wobei der Schritt b) folgendes aufweist: 

- radiales Schrumpfen des Werkstucks derart, daB die radiale Abmessung des Werkstucks um mehr als 5 % 
vermindert wird. 

19. Verfahren nach Anspruch 1, 

wobei der Schritt b) folgendes aufweist: 

- radiales Schrumpfen des Werkstucks derart, daB die radiale Abmessung des Werkstucks um mehr als 1 0 % 
vermindert wird. 

20. Verfahren nach Anspruch 1 , 

wobei der Schritt b) folgendes aufweist: 

- radiales Schrumpfen des Werkstucks derart, daB die radiale Abmessung des Werkstucks um mehr als 20 % 
vermindert wird. 

21 . Verfahren nach Anspruch 1 , 

wobei der Schritt b) folgendes aufweist: 

- radiales Schrumpfen des Werkstucks derart, daB die radiale Abmessung des Werkstucks um mehr als 40 % 
vermindert wird. 
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22 Verfahren zum chargenweisen Herstellen eines radial erweiterbaren, ^"^^"^^^SSfauSt' 
Mantels, das im wesentlichen aus gesintertem PTFE gebildetwird, wobei das Verfahren folgende Schrrtteaufwe.st. 

a) Herstellen eines rohrformigen Basistransplantats aus expandiertem gesintertem wobei das , Fto£ 
element ein erstes Ende, ein zweites Ende, eine auBere Oberflache sowie e.n Lumen mrt e,nem ersten Durch 
messer aufweist, das sich in Langsrichtung durch dieses hindurch erstreckt; n « intMte PTFE . 

b) Vorsehen einer Menge an PTFE-Verstarkungsband, wobei das Band e,ne expand.erte, ges.nterte PTFE 
Schicht mit einer Dicke von 2,5 bis 76,2 urn (0,0001 bis 0,003 Inch) aufweist; 

?ShTen Lines eSen stamen Doms in das Lumen des rohrformigen Basistransplantats, wobe, der erste 

daueTum ein Auflaminieren des VerstarKungsbands auf die auBere Oberflache des rohrform.gen Bas.strans- 
plantats hervorzurufen; 

ft Entfernen des ersten Doms aus dem Lumen des bandverstarkten Transplantats, 

g) »en eines zweiten starren Dorns in das Lumen des bandverstarkten Transplantats, wobe, der zwerte 

staJe Dorn einen AuBendurchmesser aufweist, der kleiner ist als der erste Lumendurchmesser des bandver- 

h^utSSndes bandverstarkten Transplantats auf eine ausreichende Temperatur, urn ein radiales 
sSmX ^^Tandverstarkten Transplantats zu bewirken, bis sein Lumendurchmesser im wesentl.hen 
mit dem AuBendurchmesser des zweiten starren Doms iibereinstimmt. 

23. Verfahren nach Anspruch 22, 

das ferner folgende Schritte aufweist: 

i) Entfernen des zweiten starren Dorns aus dem Lumen des bandverstarkten Transplantats; 
"ren eines dritten starren Dorns in das Lumen des bandverstarkten Transplantats, wobe. der dntte 

Memeutes Erwarmen des bandverstarkten Transplants auf eine ausreichend Temperatur, urn ein weiteres 
adShmtp'n des Transp.antats zu bewirken, bis der Lumendurchmesser des bandverstarkten Trans- 
plantats im wesentlichen mit dem AuBendurchmesser des dritten starren Dorns ubereinstimmt. 

24. Verfahren nach Anspruch 23, 

das ferner folgende Schritte aufweist: 

n Entfernen des dritten starren Dorns aus dem Lumen des bandverstarkten Transplantats; ■ 
mf Suhren efnes vierten starren Doms in das Lumen des bandverstarkten Transplantats, wobe. der v.erte 
^Z^J^SL*^ aufweist, der kleiner is. als der AuBendurchmesser des dntten starren 



nYemeutes Erwarmen des bandverstarkten Transplantats auf eine ausreichende Temperatur, urn eir .weiteres 
radiaies Schrumpfen des Transplantats zu bewirken, bis sein Lumendurchmesser .m wesenthchen mrt dem 
AuBendurchmesser des vierten starren Doms Qbereinstimmt. 

25. Verfahren nach Anspruch 24, 

das ferner folgende Schritte aufweist: 

o) Entfernen des vierten starren Dorns aus dem Lumen des bandverstarkten Transplantats; 

p iinfuhren eines funften starren Doms in das Lumen des 7^""^^^^ 

starre Dorn einen AuBendurchmesser aufweist, der kleiner ist als der AuBendurchmesser des v.erten starren 

□Temeutes Erwarmen des bandverstarkten Transplantats auf eine ausreichende Temperatur, urn ein weiteres 
lichen mit dem AuBendurchmesser des funften starren Dorns ubereinstimmt. 

26. Verfahren nach Anspruch 22, 
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wobei der Schritt d) ferner die Festlegung der Enden des bandverstarkten Transplantats an dem ersten Dorn 
belnhaS urn elne^urzung des bandverstarkten Transplantats in Langsrichtung wahrend der nachfo.genden 
Erwarmung desselben in dem Schritt e) zu verhindern. 

27 ' wonder S« «e Festiegung der Enden des bandverstarkten Transpiantats an dem zweiten starrer, 
^£Zt£!SL VerkQrzungdeS! bandverstarkten Transpiantats in Langsrichtung wahrend der nachfoi- 
genden Erwarmung in dem Schritt h) zu verhindern. 

28 ' ZTZ^TeZl Festiegung der Enden des bandverstarkten Transplants an dem dritten starrer, 
It f belXum le Verkurzung^ bandverstarkten Transplants in Langsrichtung wahrend der nachfoi- 
genden Erwarmung in dem Schritt k) zu verhindern. 

29 - Festiegung der Enden des bandverstarkten Transplantats an der auBeren Ober- 

Mche des viertenlrren Dorns beinhaitel, urn eine Verkurzung des bandverstarkten Transplants ,n Langsnch- 
tung wahrend der nachfolgenden Erwarmung in dem Schritt n) zu verhindern. 

3 °- w r der Kri Festiegung der Enden des bandverstarkten ^^JSXSS- 

Dorn beinhaltet, urn eine Verkurzung des bandverstarkten Transplantats ,n Langsrichtung wahrend der nachfoi 
genden Erwarmung in dem Schritt q) zu verhindern. 

31. Verfahren zum Herstellen eines radial erweiterbaren, bandverstarkten, rohrformigen GefaBtransplantats, 
wobei das Verfahren folgende Schritte aufweist: 

a) Herstellen einer Band-Rohre durch Herumwickeln einer Menge von expandiertem gesintertem Fluorpoly- 
SS elnon starren Dorn sowle ansch.ieBendes Erwarmen des Bands zur Bildung der Band-Rohre, 

rers:^ 

bandverstarkte, rohrfdrmige GefaBtransplantat zu bilden. 

32. Verfahren nach Anspruch 31 , 

Schrumpfung des Schritts b) unterzogen wird. 

33. Verfahren nach Anspruch 32, 

wobei der Schritt c) femer folgendes aufweist: 

- koaxiales Positionieren eines dunnwandigen rohrformigen Basistransplantats, das eine Dicke im Bereich von 
0,15 bis 0,65 mm aufweist, im Inneren der Band-Rohre. 

34. Verfahren nach Anspruch 32, 

wobei der Schritt c) femer folgendes aufweist: 

- koaxiales Positionieren eines ultradunnwandigen rohrformigen Basistransplantats, das eine Dicke von weni- 
ger als 0,15 mm aufweist, im Inneren der Band-Rohre. 

35. Verfahren nach Anspruch 31 , . 

wobei das in Schritt a) verwendete Band aus expandiertem gesintertem PTFE gebildet wird. 

*' w^^ rohrf6rmige Basistransplantat aus expandiertem gesintertem PTFE gebildet 

wird. 
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37. Verfahren zum Herstellen eines radial erweiterbaren, bandverstarkten, rohrformigen GefaBtransplantats, 
wobei das Verfahren folgende Schritte aufweist: 

a) Vorsehen einer Menge von expandiertem gesintertem Fluorpolymerband; 

b) Schrumpfen des expandierten gesinterten Fluorpolymerbands; 

c) Herstellen elnes rohrformigen Basistransplantats aus expandiertem Fluorpolymer, wobei das rohrformige 
Basistransplantat ein Lumen und eine auBere Oberflache aufweist; 

d) Wickeln des geschrumpften, expandierten, gesinterten Fluorpolymerbands auf die auf3ere Oberflache des 
rohrformigen Basistransplantats; 

e) Bewirken einer Befestigung des Bands auf der auBeren Oberflache des rohrformigen Basistransplantats, 
urn dadurch das radial erweiterbare, bandverstarkte, rohrformige GefaBtransplantat zu bilden. 

38. Verfahren nach Anspruch 37, 

wobei der Schritt c) femer folgendes aufweist: 

- Herstellen eines dunnwandigen rohrformigen Basistransplantats, das eine Dicke im Bereich von 0,1 5 bis 0,65 
mm aufweist. 

39. Verfahren nach Anspruch 37, 

wobei der Schritt c) femer folgendes aufweist: 

- Herstellen eines ultradunnwandigen rohrformigen Basistransplantats, das eine Dicke von weniger als 0,15 
mm aufweist. 

40. Verfahren nach Anspruch 37, 

wobei das in Schritt a) gebildete Band aus expandiertem, gesintertem PTFE gebildet wird. 

41. Verfahren nach Anspruch 37, * uiw« t »,irH 
wobei das in Schritt c) gebildete rohrformige Basistransplantat aus expandiertem, gesintertem PTFE gebildet w.rd. 



Revendications 

1 . Proc6d6 pour fabriquer une greffe vasculaire tubulaire radialement extensible et renforcee par bande, ledit procede 
comprenant les etapes consistant a : 

a) produire une piece comprenant : 

i une greffe de base tubulaire comprenant une surface exterieure et une lumiere creuse s'etendant lon- 
gitudinalement a travers celle-cl, ladite greffe de base tubulaire etant formee sensiblement d'un mater.au 
de fluoropolymere fritte ; et . 

ii une bande de renforcement enroulee autour de la surface exterieure de ladite greffe de base tubulaire, 
ladite bande de renforcement comprenant un film forme sensiblement de materiau de fluoropolymere 
f ritte ; et 

b) retrecir radialement ladite piece, de facon a amener la greffe dans un etat radialement retreci a partir duquel 
ladite greffe peut etre ulterieurement radialement agrandie. 

2 Procede selon la revendication 1 dans lequel ledit procede comprend egalement I'etape consistant a : 

c) empecher la piece de subir un raccourcissement longitudinal pendant que ladite piece est soumise au 
retrecissement radial de I'etape b. 

3. Procede selon la revendication 1 dans lequel I'etape b comprend : 

dans un premier temps, le retrecissement radial de la piece d'une premiere grandeur incrementielle ; et, 
ensuite, le retrecissement radial de la piece d'au moins une grandeur incrementielle supplementaire. 

4. Procede selon la revendication 3 dans lequel I'etape "ensuite, le retrecissement radial de la piece d'au moins une 
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grandeur incrementielle supplemental" comprend : 

le retrecissement radial de la piece d'une deuxieme grandeur incrementielle. 

5. Procede selon la revendication 4 dans lequel I'etape b comprend egalement : 

ensuite, le retrecissement radial de la piece d'une troisieme grandeur incrementielle. 

6. Procede selon la revendication 5 dans lequel I'etape b comprend egalement : 

ensuite, le retrecissement radial de la piece d'une quatrieme grandeur incrementielle. 

7. Procede selon la revendication 6 dans lequel I'etape b comprend egalement : 

ensuite, le retrecissement radial de la piece d'une cinquieme grandeur incrementielle. 

8. Proced6 selon la revendication 1 dans lequel la lumiere de la greffe de base tubulaire de la piece fournie dans 
I'etape a, possede un premier diametre luminal avant de subir le retrecissement radial dans I'etape b du procede, 
et dans lequel I'etape b du procede comprend : 

la fourniture d'un premier mandrin de retrecissement possedant un diametre exterieur qui est inferieur au 
diametre luminal de la greffe ; 

I'insertion dudit premier mandrin de retrecissement dans la lumiere de la piece ; 

le chauffage de la piece pour conduire la piece a retrecir radialement jusqu'a ce que le diametre luminal de 
la piece soit sensiblement le meme que le diametre exterieur dudit premier mandrin de retrecissement. 

9. Procede selon la revendication 8 dans lequel I'etape b dudit procede comprend egalement : 

le retrait dudit premier mandrin de retrecissement de la lumiere de la piece ; 

la fourniture d'un deuxieme mandrin de retrecissement possedant un diametre exterieur qui est inferieur au 

diametre exterieur dudit premier mandrin de retrecissement ; 

I'insertion dudit deuxieme mandrin de retrecissement dans la lumiere de la piece ; et, 

le chauffage de la piece pour conduire la piece a retrecir radialement jusqu'a ce que le diametre luminal de 

la piece soit sensiblement le meme que le diametre exterieur du deuxieme mandrin de retrecissement. 

10. Procede selon la revendication 9 dans lequel I'etape b dudit procede comprend egalement : 

le retrait dudit deuxieme mandrin de retrecissement de la lumiere de la piece ; 

la fourniture d'un troisieme mandrin de retrecissement possedant un diametre exterieur qui est inferieur au 

diametre exterieur dudit deuxieme mandrin de retrecissement ; 

I'insertion dudit troisieme mandrin de retrecissement dans la lumiere de la piece ; et, 

le chauffage de la piece pour conduire la piece a retrecir radialement jusqu'a ce que le diametre luminal de 

la piece soit sensiblement le meme que le diametre exterieur du troisieme mandrin de retrecissement. 

11. Procede selon la revendication 10, dans lequel I'etape b comprend egalement : 

la fourniture d'un quatrieme mandrin de retrecissement possedant un diametre exterieur qui est inferieur au 

diametre exterieur dudit troisieme mandrin de retrecissement ; 

I'insertion dudit quatrieme mandrin de retrecissement dans la lumiere de la piece et, 

le chauffage de la piece pour conduire la piece a retrecir radialement jusqu'a ce que le diametre luminal de 

la piece soit sensiblement le meme que le diametre exterieur du quatrieme mandrin de retrecissement. 

12. Procede selon la revendication 11 dans lequel I'etape b comprend egalement : 

le retrait du quatrieme mandrin de retrecissement de la lumiere de la piece ; 

la fourniture d'un cinquieme mandrin de retrecissement possedant un diametre exterieur qui est inferieur au 

diametre exterieur du quatrieme mandrin de r6trecissement ; 

I'insertion dudit cinquieme mandrin de retrecissement dans la lumiere de la piece ; et, 

le chauffage de la piece pour conduire la piece a retrecir radialement jusqu'a ce que le diametre luminal de 

la piece soit sensiblement le meme que le diametre exterieur du cinquieme mandrin de retrecissement. 

13. Procede selon la revendication 1 dans lequel la greffe de base tubulaire de la piece est formee de PTFE expanse 
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et fritte. 

14. Procede selon la revendication 1 dans lequel la bande de renforcement de la piece est formee sensiblement de 
PTFE expanse et fritte. 

15 Procede selon la revendication 3 dans lequel ledrt procete comprend I'etape consistent a: 

15. ^ocede^|a rev ^ ^ ^ ^ raccourciss ement longitudinal pendant que ladite piece subit le retrecsse- 

ment radial de l'6tape b. 

16 Precede selon la revendication 9 dans lequel ledit procede comprend egalement I'etape consistant ft = 

16. P^s*mUM ^ ^ suwr ^ ra ^ ourc . ssement |ongjtudina| pendant que ladite piece sub,t le retrecsse- 

ment radial de I'etape b. 

17 Procede selon I'une quelconque des revendications precedentes, comprenant 

17. Procede £toniun q q ^ ^ ^ & |a ^ tfun , a 
gralMltSfo^l^nM rhiUrlaur de la taimlta. t ■) r-dtatomort dll8«l*-*Jan« la lumMHr.ducMv.MMui .ansum. 

1ft Prorate selon la revendication 1 dans lequel I'etape b comprend : 

^,22u«^ radial de ladite piece de facon . ce que la dimension radiale de ,a piece so, d.mmuee de 

plus de 5 %. 

iq Pmr^riP <?elon la revendication 1 dans lequel I'etape b comprend : ^ ^ 

19. P^^ n J s a ^ radjal de , ad|te pj , q ce de fa?on a ce que la dimension radiale de la piece sort dimmuee de 

plus de 10%. 

on Prnrede selon la revendication 1 dans lequel I'etape b comprend : * M „ 

20. radial de ladite pita de facon a ce que la dimension radiale de la piece sort dimmuee de 

plus de 20 %. 

91 Procede selon la revendication 1 dans lequel I'etape b comprend : 

,e retSrent radial de ladite piece de facon a ce que la dimension radiale de la piece sort diminuee de 

plus de 40 %. 

22 Procede par lot pour fabriquer une greffe vasculare tubulaire radialement extensible, renforcee par bande formee 
essentiellement de PTFE fritte, ledit procede comprenant les etapes consistant a : 

a) fournir une greffe de base tubulaire formee de PTFE expanse et fritte, ledit tube com ^ n ^ ne fZ^Z 
extSe une deuxieme extremite, une surface exterieure, et une lumiere d'un premier d,ametre s etendant 

et fritte noss6dant une epaisseur de 2,5 a 76,2 urn (0,0001 & 0,003 pouce) ; 

o ster un premie mandrin rigide dans la lumiere de ladite greffe de base tubulaire, ledrt premier mandnn 
p^daZ diametre exlerieur qui est sensiblement egal au premier diametre luminal de ladrte greffe 

^^ou^plrale ladrte bande de renforcement autour de la surface exterieure de ladite greffe de base 
tubulaire oour former une greffe renforcee par bande ; 

TcuZeZme greffe renforcee par bande a une temperature superieure a 327°C pendant un intern le , de 
2mps SteanJ po'ur conduire ladrte bande de renforcement a se stratrtier sur la surface exterieure de ladrte 
greffe de base tubulaire ; 

ft retirer ledit premier mandrin de la lumiere de la greffe renforcee par bande ; 

rigide possedant un diametre exterieur qui est inferieur au premier diametre luminal de la lumiere de ladrte 

rir™:^ renforcee par bande a une tempore suffisante pour conduit la greffe 
renforcee par bande a retrecir radialement jusqu'a ce que son diametre lum.nal sort sensiblement le meme 
que le diametre exterieur du deuxieme mandrin rigide. 

23. Procede selon la revendication 22 comprenant egalement les etapes consistant a : 
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i) retirer ledit deuxteme mandrin rigide de la lumi&re de ladite greffe renforctee par bande ; 

j) insurer un troisi&me mandrin rigide dans la lumiere de ladite greffe renforcee par bande, ledit troisieme 

mandrin rigide possedant un diametre exterieur qui est inferieur au diametre exterieur du deuxieme mandrin 

rigide ; . .. , . 

h) chauffer de nouveau la greffe renforcee par bande a une temperature suffisante pour causer le retrecisse- 
ment radial supplementaire de ladite greffe jusqu'a ce que le diametre luminal de la greffe renforcee par bande 
soit sensiblement le meme que le diametre exterieur dudit troisifeme mandrin rigide. 

24. ProcedS selon la revendication 23 comprenant egalement les Stapes consistant a : 

I) retirer ledit troisifeme mandrin rigide de la lumi&re de ladite greffe renforcee par bande ; 

m) inserer un quatrieme mandrin rigide dans la lumiere de ladite greffe renforcee par bande, ledit quatrieme 

mandrin rigide possedant un diametre exterieur qui est inferieur au diametre exterieur dudit troisieme mandrin 

nfchauffer de nouveau la greffe renforcee par bande a une temperature suffisante pour causer le retrecisse- 
ment radial supplementaire de la greffe jusqu'a ce que son diametre luminal soit sensiblement le meme que 
le diametre exterieur dudit quatrieme mandrin rigide. 

25. Procede selon la revendication 24 comprenant Sgalement les Stapes consistant a : 

o) retirer ledit quatrteme mandrin rigide de la lumiere de ladite greffe renforcSe par bande ; 
p) inserer un cinquteme mandrin rigide dans la lumiere de ladite greffe renforcee par bande, ledit cinquieme 
mandrin rigide possedant un diametre exterieurqui est inferieur au diametre exterieur dudit quatrieme mandrin 
rigide ; 

q) chauffer de nouveau la greffe renforcee par bande a une temperature suffisante pour causer le retrec.sse- 
ment radial supplementaire de ladite greffe renforcee par bande jusqu'a ce que son diametre luminal soil 
sensiblement le meme que le diam&tre exterieur dudit cinquieme mandrin rigide. 

26 Precede selon la revendication 22, dans lequel I'etape d comprend egalement la fixation des extremes de la 
greffe renforcee par bande audit premier mandrin pour empecher le raccourcissement longitudinal de la greffe 
renforctee par bande pendant le chauffage ulterieur de celle-ci dans I'etape e. 

27 Precede selon la revendication 22, dans lequel I'etape g comprend egalement la fixation des extremites de la 
greffe tubulaire renforcee par bande audit deuxieme mandrin rigide pour empecher le raccourcissement longitu- 
dinal de la greffe renforctee par bande pendant le chauffage ulterieur dans I'etape h. 

28 Precede selon la revendication 23, dans lequel I'etape j comprend egalement la fixation des extremites de ladite 
greffe renforcee par bande audit troisifeme mandrin rigide pour empecher le raccourcissement longitudinal de la 
greffe renforcee par bande pendant le chauffage ulterieur dans I'etape k. 

29 Procede selon la revendication 24, dans lequel l'6tape m comprend egalement la fixation des extremites de ladite 
greffe renforcee par bande a la surface exterieure dudit quatrieme mandrin rigide pour empecher le raccourcis- 
sement longitudinal de la greffe renforcee par bande pendant le chauffage ulterieur dans I'Stape n. 

30 Procede selon la revendication 25, dans lequel I'etape p comprend egalement la fixation des extremites de ladite 
greffe renforcee par bande audit cinquieme mandrin rigide pour empecher le raccourcissement longitudinal de la 
greffe renforcee par bande pendant le chauffage ulterieur dans I'etape q. 

31 . Procede de fabrication d'une greffe vasculaire tubulaire renforcee par bande radialement extensible, ledit procede 
comprenant les etapes consistant k : 

a) former un tube de bande en enroulant une quantite de bande de fluoropolymere expanse et fritte autour 
d'un mandrin rigide et ensuite chauffer ladite bande pour former ledit tube de bande ; 

b) retrecir radialement ledit tube de bande ; 

c) positionner de facon coaxiale une greffe de base tubulaire formee de fluoropolymere expanse et f ntte dans 
ledit tube de bande ; 

d) amener ledit tube de bande a devenir fixe a ladite greffe de base, de facon a former ladite greffe vasculaire 
tubulaire extensible radialement et renforc6e par bande. 
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refrecissement radial de I'etape b. 

dans I'inteivalle de 0,15 a 0,65 mm dans ledit tube de bande. 

seur inferieure a 0,15 mm dans ledit tube de bande. 
35. Pr ocedeselon,arevendicat^ 
,5 36. Precede se.en la revocation 31 dans ieque, ia greffe de base tubuiaire utilisee dans ,'etape c est formee de 
PTFE expanse et fritte. 

37. Precede de fabricatien d'une greffe vasculare tubuiaire radialement extensible et renforc^e par bande, ledit pro- 
cede comprenant ies etapes consistant a : 

20 

a) fournir une quantite de bande de fluoropolymere expanse et fritte ; 

TUSmSL b»d. » d.».ai-«e » » m*» de ladae g-en. * baae .ubul.lra, do „ t on » 

2Zr So grelfe mouUr. «» radial, exM.sH. et renloroe. pa, bande. 

a 0,65 mm. 

35 ^^^^ 

40. Procedeselonlarevendica^ 

41 . Precede selon ,a revendication 37 dans leque, la greffe de base tubuiaire feurnie dans ,'etape c est formee de 
40 PTFE expanse et fritte. 
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